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Hydrogen Usage in the Laboratory

Gasﬂous HYDROGEN -— it§ trans-
portation, storage, handling, and
tse—has heen the subject of maay
guidelines, Tules, and procedures.
The recommendations contained in
this data sheet are guite general and
are intended to be used in comjunc-
tinn with company and government
ruies and segulations that are appli-
cable to & specific subdivision of an
industry.

Properties, Hazards, and Safety
Precautions

2, Gaseous bydrogen is an ex-
tremely flammable and explosive
element in an air or oxygen atmos-
phere. The explosive range in air is
from 4.0~75 vol % of hydrogen. The
explosive range of hydrogen with
other diluent gases varies, and the
‘hazards must be evaluated before
using such mixtures io the presence
of oxygen. Hydrogen can be deto-
nated over the range of 20~ 60% by
volume in air, given good mixing,
comfinement, and ignition source.
This renge is for a low-eneIgy igni-
rion source. Hydrogen-gir mixtures
have been known to detonate down
to 13.8% hydrogen with a suf-
ficiently strong source.

3, In order for a hydrogen five ot
explosion 1o take place, (2) hydro-
gen, {b) an oxidant, nsualty air, and
{¢} an ignition source must be
present simultapeously. Elimination
or control of any one of these three
can reduce the possibility of an ex-
plosion. Some of the propecties of

hydrogen that have a direct relatiop-

ship to safety are as follows:

« Hydrogen has a low ignition en-
ergy requirement (0.00002 7T,
minimum), which means it can
be ignited by an almost im-
percaptible spark or static elec-
tricity discharge built up on a
person.

Hydrogen gas has a specific
gravity of 0.07 (air = ) and has
a high diffusion coefficient be-
canse of its low molecular
weight.

Burning hydrogen produces an
intensely hot, noniuminous
flame uniess colored by impuri-
ties. Because of this, it is often
ditficult to judge the boundaries
of a hydrogen conflagration. (A
check for the flame can be made
with tissue paper o0 2 stick, by
using a straw or natural fiber
broom, or by looking at the sun
shadow of a burning vent stack.)

« Bydrogen is colorless. tasteless,

and odorless.

4. Design and rate any glectronic
or electrical equipment, including
lights, motors, plugs, plectrical re-
ceptacles, and support winng, for
service with hydrogen, When an
ignitable level of hydrogen may fre-
guently exist, electrical equipment
should comply with the require-
ments of the National Etecirical
Code, NEPA, 70, for class I, division
1, group B Joeatlons. Whenan ignit
able level of hydrogen may exist only
occasionally, electrical equipment

"

should comply with the National
Electrical Codeforclass 1, division 2,
group B locations. Consult NFPA
497, Recommended Practice for
Classification of Class 1 Hazardous
Locations for Electrical Installations
in Chemical Plants-1975, 38 @ 1efer-
ence.

5. When Underwriters Labora-
tory (UL)-approved electrical or
eleatronic hardwere for class L,

roup B locations is not avauilable,
ollow the Stendard for Pu.rged and
Pressurized Enclosures for Electrical
Equipment in Hazardous (Classi-
fied) Locations-1982, NFPA 496.
Alternstely, it may be possible touse
intrinsically safe systems Or
equipment; however, intrinsically
safe equipment must be certified to
meet all requirements of NFPA 493,
Standard for Intrinsically Safe Appa-:
ratus and Associated Apparatus for
[ise in Class I, I, and 111, Division 1
Hazardous Locations-1978. For hy-
drogen service, considering the very
low ignition energy of hydrogen,
carefully evaluate the use of truly
intrinsically safe systems of equip-
ment.

6. Confined spaces containing hy-
drogen p?ing should be inerted or
be sieeved and vented to a safe loca-

. tion to prevent the buildug of explo-

sive concentrations of hydroges.
The potential for asphyxiaton due
1o the inerting gas must be consid-
ered. The use of ventilaied utility
chases can minimize the fire poten-
tial and the need for an inerting gas.
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7. Actcess of hydrogen-air mix-
tures 1o high temperature surfaces
must be carefully controlied, be-

czuse its ignition tempesature is 585

C (1,085 ).

8. Because it may be impossible
to eliminate all igmition sources,
piace emphasis on preventing the
farmation of combustible armos-
pheres by maximum use of gas core
finement; ventilate enclosed spaces
where ieakage is possible, such as
labaratory hoods and ceiling areas,

9. Provide local exhaust ventila-
tion to vent gases adequately in case
of a failure in the system. Gas con-
ceatration in a ventilation system
should not exceed 25% of the lower
explosive limit of the gas mixtere.

10, After the gas system s set up
for use, ali valves and connections
should be leak-tested, using a soap
solution or a commereial lesk-
detecting solution to make sure thai
the system is gastight. Never use a
flame to detect hydrogen pas leeks,

Refore hydrogen use, purge air from

a hydiogea piping system with an
mert gas.

il. Evaluate the need for con-
tinuous automane hydrogen moni-
toring equipment, with strategically
located sampling pointe directly
above high-risk 2pparatus and im-
mediately beneath the ceiling, and
provide, as needed. Here aré two
suggostions)

« Calibrate monitoring equipment
1o provide for short response
time and detection of 25% of the
lowser explosive limits. An audi-
ble alarm should sound at the
sample point location at well as

at the control roow o sivilar

central panel that indicates the
focation of the hazardons condi-
tion. Loss of ventilation shall
sound the alarm in the control
room. The readout device or
contrel unit must pever be lo-
cated in the hazard srea.

Many factors contribute to the
decigion as to need for and type
of bydrogen detection systems,
These factors include voluene of
gas, ventilation, type of enclo-
sire, and possibility of mixture
with oxidants. The safety review
should inclade determination of
the need for the detection
system,

12, De not fare the exhianst from

-
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sraall hydrogen-almospnerc iut-
aaces in the laboratory. Use a mini-
reum hydrogen mix with an inert gas
balance, and exhaust the effluent
gases through a laboratory fume
hood with a fall-safe gas shutdown
systenm,

13, The exhaust from large hydro-
gen-atmosphere furnaces must emp-
ty to the outside of the buiiding
through propet ductwork or hoods.
Add auxiliary air to the duct [0
assure that the conceniration tevel is
< 25% of the lowet explosive limit
or vapt 1009 hydrogen until mixing
outside of the building, Purging with
inert gas or a vacuusn shouid be done
both before and after introducing
hydeogen.

14, Adequately ventilate the man-
ifold area of hydrogen systems, and
grovide the system with electrical

onding and grounding.

15. Pilot plants must comply with
federal regulations (OSHAct 25
CFR 1910.103), NFFA-50A, and
ANSI-B31.1 standards that limir the
total volume of hydrogen in each
systemvbuilding area.

Gontainers

16. Currently, the Bureau of Ex-
plosives Tariff No. BOE-6000-A
specifies requirernems for all com-
pressed gas cylinders. Specifications
3A, or 3AA are used for hydrogen
gas. Cylinder valve utlets shouid
follow the Compressed Gas Associa-
tion {CGA) Standards, using a CGA
350 fitting with left hand thread.

Storege

17, Stringently follow the safe han-
dting ruies for compressed gas
cylinders when handling hydrogen.
Store cylinders in well-ventllated,
protected, dry locations, and place
away from combustible materials.
Separate from oxidizing gases by at
least 20 ft (6.1 m) or by a Ye-hout
fire-resistive barrier. Prominently
indicate the presence of hydrogen in
StOTAgL Areas.

18. tdentify cylinders and lines so
that there is no mistake whenever
adjusting flow or changing cylinders.
Connections should be accessible to
allow for monitoring of leaks.

Posting snd barriers
19. In sreas where hydrogen is

.-
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the warnings HYDROGEN —
FLAMMAERLE followed by appro-
priate instructions, such as NO
$MOKING and NO OPEN
FLAMES.

20, Iu smaller facilities, such as
individual laboratories, access to hy-
drogen use areas may be controlied
using appropriate warning $igas and
possibly adding flashing lights, Such
devices should be displayed only
when potential hazards from hydro-
gen actually exist,

Protective aqulpment

21, Personal protective equipment
may be required, depending on the
hazard involved. Some of the most
common types are listed here.

« Wear safety glasses as minimum
protection in any hydrogen ex-
periment or handling operation.
Use other eye and face protec-
tion, such as face shields with
safety glasses and goggles, as
specified by the safety officer.

» Wear safety shoes in all op-
erations.

Tralnlng

22, Thoroughly train and in-
doctrinate personnel using equip-
ment that uses ot contains hydrogen
before operating the equipment.
The training should iaclude proper-
ties and hazards of hydrogen and all
procedures for notmal operations
and for emergencies,

Operating Procedures

23, Designate a “hydrogen safety
officer.”

24, Checklists will facilitate she
otderly execution of procedures.
Deviations from established pro-
cedures must be appropriately
documented and approved by the
hydrogen safety officer.

75, Conduct and document pre-
operation safety reviews for ail new
or extensively modified experiments
of processes involvigg the use of hy-
drogen. When the degree of hazard
js sgnificant, at least one persom,
who is independent of the pro-
grarnmatic pressuses involved in the
experiment, should participate in
this review team, The review should
include the following elements:

« The experimenter should pre.
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pare & written description of the
EXPEFIMENE OT Process, covering
equipment and procedures, and
analysis of the hazards and the
measures 1 minimize thew,

« The independent review person
or growp should study the ex-
perimenter’s plans, recommend
additional precautions, if neces-
sary, and conditionally approve
commencement of operations or
an operational start-up for
evaluation. The recommenda-
tions of the review person of
group shall be binding on the ex-
perimenter unless religved by
tue officer-iti-charge. The size of
the review group, its range of
expertise, and the formality of
procedure and documentation
should be appropriate for the
magnitude of the hazerd in the
anticipated experiment. All per-
sonnel invoived in the actual
performance of the experiment
should be present during the
avaluation review before the 0op-
eraticonal start-up. Make
documentation of all reviews
readily available 10 all operators
during the sxperiment.

26, The presence of wunnecessary
persounel in aréas where hydiogen
is used or generated should be strict-
Iy forbidden, sspecially during times
of active operation.

27, Al gaseous hydrogen systems
should be thoroughly leak-tested
with an ivert gas such as nitrogen.
Test under operating temperatures
and pressures similar to those in-
tended for actual use, because Jeaks
may ocour as & result of differential
comtraciicn of the Earts of the equip-
ment when cooled or as a result of
differential expansion of paris when
exposed to high pressures.

28. To avoid propagating a flash
fire that might accidentally oceur
when handiing hydrogen, keep com-
ustible raterials in the area to an
absolute minimum, Paper, rags, un-
protected wood, combustible lig-
uids, dapgerous gases such as ox-
ygen, acetylene, propane, and togi¢
materials should be removed from
the area unless essential to the op-
eration.

» Protective measures for com-
bustible materials that must be
kept in the area may consist of
enclosure in noncombustible
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gases or the use of water spray or
deluge systems,

» Use flame arresters specifically
designed for hydrogen systems
where the potential of flashback
exists.

29. Static electricity can cause a
spark to jump between two pieces of
equipment or from a person 1o a
piece of equipment. Some of the
precautions to reduce static hazards
include: humidification; btonding
supply vessels and experimentel
apparatus 1o a common potential be-
fore any transfer is artempted; ioni-
zation; and provisions for proper
grounding [Ey iouching a water
pipe, as an example) of alt users 10
discharge any static befors handiing
equipmsnt.

30. Leaking gas fires should not
necessarily be extinguished prompt-
ly. Inerting the system first is ap im-
portant emergency consideration.
Then and only then should the hy-
drogen be turned otf and the system
depressurized; adjacent equipment
should be cooled with water-fog noz-
zles. System shuroff valves should be
readily accessible and prominently
marked.

31. Hydrogen discharging from a
system hes been known to self-
ignite. For this reason, do not crack
a valve of a hydrogen container 1o
remove dust or diet from fittings.

32. In areas where hydrogen is
used or stored, whenever ¢onsiruc-
tion requires the use of Bames, high-
temperature equipment, of spark-
producing tools, hot werk must be
authorized and supervised by
traiped personnel designated by
management.

33, Because the precedure for
approval of hot wotk involves check-
ing the area with an explosion metes
(flamimable gas meter) and ordinary
explosion metets are not authotized

- for use in 2 hydroger/air atmos:

here, use special instruments rated
‘ot this service.

44. Provide veuntilation in spaces
where hydrogen is used or generated
to prevent hazardous buildup.

35, Some general reles follow for
using hydrogen gas cylinders in lab-
otatory buildings where they are not
premaneniy set up:

= Limit cylinders to smallest prac-

tical size;
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« Manifold user equipment to
{imit the number of eylinders re-
quited;

+ Use flow-restricting orifices or
flow-hmiting automatic valves,
in line;

s Make sure that there is adequate
dilution/ventilation and that fire
and elestrical code requiremedts
are met;

« Consider locsting a hydrogen
manifold outside (open zir) the
laboratory and piping in the gas
at minimum usable pressute,
and install & relief valve set at
10% above operating pressure,
and veat to the outside.

36, Metals with sttength to con-
tain the pressure involved may be
used ar normal temperatures, if they
are not susceptible to hydrogen
embrittiement, &g, austenitic stain-
less steels, corrosion-resistant alloys
(Mone!), aluminum, ar COpper.
However, copper can work-harden
and Tail if the lines are not secure.
Use braided flexible pigtails of
appropriate stainless steel between
regutator and delivery manifold.
Cust iron and martensitic stainless
(such as type 403) are not satis-
factory for use with hydrogen.

37, Preplan fire fighting for each
installatlon for the local situation.
include considerations for evacuat-
ing, getting upwind, valve closure,
moving containers, and others. It
may be necessary to rely on pro-
fessional help (outside five compa-
nies). It is crucial to meet with them
ahead of time, and familiarize them
with your operation, Your emergen-
cy personnel, and your basic
emergency plan.
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